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Thermoelectricity 

Study of the coupled transport of 
electrical and thermal energy. 
Solid-state phenomenon requires no 
moving parts or working fluids, and 
generates no noise, torque, or 
vibrations. 

•As a result thermoelectric 
devices are extremely reliable. 
Power Generation 

•Spacecraft, automotive, 
aerospace, gas pipelines, well 
sites, and offshore platforms. 
Refrigeration 

•On chip cooling, electronics, and 
automotive. 

High reliability, low conversion 
efficiency. 


Spacecraft Power 

Radioisotope thermoelectric generators 
(RTG) have powered 45 spacecraft. 
•Voyager (1977), Ulysses (1990), 
Cassini (1997), New Horizons 
(2006), and Curiosity (2011). 

Lange et al. Energy Conversion and Management 49 (2008) 391-401. 
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Irreversible Thermodynamics 

1931 Lars Onsager discussed 
coupled irreversible processes to 
unify thermoelectric phenomena 
into a single study. 

Study results in two transport laws 
for a thermoelectric conductor. 


Ohm's Law- eJ N = 


Fourier's Law- 
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Variable Property Model Summary 


Material Property 

Temperature 

Dependence 

Conversion 

Efficiency 

Sensitivity 

(K) 

Thermal Conductivity 

t 

t 

0.60 

Absolute Seebeck Coefficient 

t 

t 

0.25 

Electrical Resistivity 

t 

nP 

0.08 


Sensitivity = 


At] 

A (SO 





Analytic Couple Modeling 


5 of 7 








OiniMMsta ^DtriiaifeO® PropartS® 





OiniMMsta ^DtriiaifeO® PropartS® 



Transient Model 


T h ( t ), cp H 







A a > ®a> 
^A> k-A> 
Pa> Cp A 


?c (0. <Pc 



A,B 







i 

MJV- 


1 

f 


R (Ohm) 
H (Henry) 


Thermal- 


dx 


r -1 

CD 

Co 

2 

! Ia,b t a,b dT A B I A B 

dT AB 

A ’ B dx \ 

Aa,b dx A ab 2 <j ab 

Pa,b c p A)B Qj. 


Electrical- 


System- 


d<PA,B _ c dT A B I AB 

~dT ~ ~ Sa ’ b 


d x A ab CT ab 


dl 

(p B (L B ) - cp A (L A ) = IRYH — 


Green's Function Solution 


(-►X 


✓ 


/(*) 











ll 

i 


y 

l) 









Lu(x) = f(x) 


0(x.() 


L*G(x ,0 = S(x- O 


S(x - () 


u(x) = J G(x,flf(Od( 


Transient Parameters 


Thermal diffusivity 
factor- 


inductance factor- 


ing — 


* X-avg La,B 


0 C A ,bU 


avg 


P = 


He t 


avg 


dj 2 

LXU avg 


Analytic Couple Modeling 


6 of 7 



Oirata^Migitom ^airtelbO® (F*cn©p>®orSB®§ Transient 


Transient Model 


Green's Function Solution 


T h ( t ), (p H 




l X, t 


1 t 





F** 




/(*) 


T c (t). <Pc Al 


Thermal- 


dx 


-l 




£u(x) = f(x ) 


Thermal Green's Function 


Eigenfunction expansion- H{t-r 


1 a.h 


Eigenvalue- 


K = 


Temperature- 


tafii'Jlj) = 

-IV [ 1 G a . b (£ ! Q;i,t)T i dZ + 
J 0 

[ G e. A 1 ' T > x ' t ) T * dT 

Jo 


- f G ni (0j r;x t i)(j4 ain(tsjr) + B'jdr 
Jo 

- / f Ga^{tT]T,t}jP{r)d^dr. 
J o Jo 



rs 


■ j £ 
avg 


L A,B 


Tb£\ 


Electrical- 


System- 


d(pAj 

dx 


dT t 


A,B l A,B 


h 




dx A ab g ab 


(Pb^Lb) ~ (PaC^a) — IR 


H 


dl 

dt 


Inductance factor- 


a, 


Ha 


avg 


avg 


RL 


avg 


Analytic Couple Modeling 


6 of 7 




Omi 0 ir@dlye 68 ©in) ^mrOay® (Pir©p®ir(t 8 ®§ Transient 



Periodic On/Off 
Operation 


1200 - 


1100 - 




400 600 MO 

Time (sec) 


200 400 600 800 1000 1200 

Time (sec) 


6.2 



0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 

r (Dimensionless) 



H (Oi <Ph 


Design Guideline 

La V2a + 1 


B’ 



A,B 



B^A.B 


dl 


VB^BJ - VA^A) = f n-TT 


2a- 1 


a — 1 + 


a B 

a A 



^ s ) — vy* ~ s ) 



G(x,Of(Od( 


Transient Parameters 


Thermal diffusivity 
factor- 


inductance factor- 



/? = 


Ha, 


avg 


nj 2 
LXU avg 


Analytic Couple Modeling 


d ot / 


Dimecp@ggii fleSB@ira ^forilalMte tPinseairafiiS! 

Power Output Amplitude 


Transient 




Sinusoidal Operation 




ition 


r-O 




Transient Parameters 


Thermal diffusivity 
factor- 


inductance factor- 


t 

=RC •#]$ 




t 

#$ *=RC 


=RC 


Analytic Couple Modeling 


b ot / 




DmiSmliuieGilm ^nrflaN)® 



ItaradliMift 


Conclusion 

Asymptotic expansions are an effective 
means of understanding thermocouple 
behavior. 

Conversion efficiency is most sensitive to 
thermal conductivity temperature 
dependence. 

Thermal diffusivity factor 

• Governs transient operation of a 
thermocouple, with an ideal value of 
unity. 

Inductance factor 

•Governs the balance between 
thermal and electrical inductance. 
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